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PROCESSES FOR THE PRODUCTION OF HCMV GLYCOPROTEINS, 
ANTIBODIES THERETO AND HCMV VACCCINES, AND 
RECOMBINANT VECTORS THEREFOR 



5 

Field of Invention 

This invention relates to human cytomegalovirus (HCMV), and 
is concerned with the production of glycoproteins of the 
lOvirus, their vaccine potential, and the production of HCMV 
specific antibodies. 

Background to the Invention 

15 HCMV is a human pathogen of considerable importance and 
there is a demand for an effective vaccine against it. 
Hitherto experimental vaccines have been based on attenua- 
ted, non-pathogenic forms of the virus, but these can have 
undesirable side effects. The invention provides an alterna- 

20 tive approach to the production of a vaccine against HCMV, 
using recombinant DNA techniques. 

Like other herpes viruses HCMV specifies multiple glycopro- 
teins (1,2). Characterisation of these have involved studies 
25 of CMV-infected cells and purified virions using polyclonal 
sera and monoclonal antibodies (2 - 10). One glycoprotein 
has been partially purified and shown to elicit a neutralis- 
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ing response in guinea pigs. However, the total number 
of HCMV-speci f ied glycoproteins remains uncertain and the 
vaccine potential of individual glycoproteins is unknown. 
Purification of individual glycoproteins from HCMV- infected 
5 cells is a daunting prospect because the virus grows slowly 
and fails to shut down host cell protein synthesis during 
infection. 

Summary of the Invention 

10 

The present invention is based on the identification and 
expression of HCMV DNA encoding two glycoproteins, referred 
to herein as gB and gH. The gB protein is encoded by DNA in 
the Hindlll F fragment of the HCMV genome lying between 137 8 
15 and 4095 bases from the F/D boundary. The gH protein is 
encoded by DNA in the Hindlll L fragment lying between 228 
and 2456 bases from the L/D boundary. 

According to one aspect of the present invention there is 
20 provided a process which comprises expressing from a recom- 
binant DNA vector in a suitable host organism a polypeptide 
incorporating one or more antigenic determinants capable of 
raising HCMV-neu tralis ing antibodies in humans, said deter- 
minant or determinants corresponding to a portion of the 
25 protein encoded by DNA in the Hindlll F fragment of the HCMV 
genome lying between 1378 and 4095 bases from the F/D boun- 
dary and/or a portion of the protein encoded by DNA in the 



Hindlll L fragment of the HCMV genome lying between 228 and 
2456 bases from the L/D boundary. 

A second aspect of the present invention provides a recom- 
5 binant virus vector containing DNA encoding such a polypep- 
tide, said vector being capable of infecting a human subject 
and expressing the polypeptide in immunogenic form. 

A third aspect of the present invention provides a process 
10 which comprises synthesising such a polypeptide. 

. A fourth aspect of the 'present invention provides a method 
of preparing HCMV monospecific antiserum comprising immunis- 
ing a host animal with such polypeptide or with a recom- 
15 binant virus vector as described above, and extracting from 
the host animal antiserum specific to said polypeptide. 
HCMV-specif ic monoclonal antibody may be prepared from cells 
from such immunised animals. 

20 A fifth aspect of the present invention provides a method of 
purifying HCMV-specif ic antibodies, which comprises contac- 
ting the antibodies with HCMV polypeptide hereof, and separ- 
ating bound antibody from the polypeptide. 
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A sixth aspect of the present invention provides a method of 
detecting HCMV-specif ic antibody in a clinical sample, which 
comprises contacting the sample with HCMV polypeptide 
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hereof, and detecting antibody that binds to the polypeptide. 

A seventh aspect of the present invention provides a kit for 
carrying out such a detection method, the kit comprising 
5 said polypeptide in a form suitable for contacting with the 
clinical sample, and means for detecting HCMV-specif ic anti- 
body that binds to said polypeptide. 

By identifying surface g lycoprotein ( s ) of HCMV that lead to 
10 an immune response and incorporating the corresponding 
s equence of genetic material in a mammalian vector, an 
immunologically active protein may be produced which can 
form the basis of a vaccine against HCMV. 

15 For the recombinant virus vaccine the identified HCMV genome 
fragment may be isolated and introduced into a suitable 
mammalian virus vector by conventional genetic engineering 
techniques, and transfecting the plasmid into a mammalian 
host. 

20 

/ 

Suitable vectors include mammalian cells and viruses such as 

'7 \ 
poxviruses, with vaccinia virus being particularly pre- 
ferred, and bovine papilloma virus. 

25 Expression of the foreign DNA can be obtained by infecting 
cells or animals with recombinant virus vector. For example, 
a recombinant virus, e.g. vaccinia virus, may be used as a 



live vaccine. Further, cells infected with the recombinant 
vector may be used to prepare the product of the foreign DNA 
for use as a vaccine. 

5 Tn one preferred technique, a glycoprotein-encoding fragment 
of the HCMV genome is introduced into plasmid pGS62 and then 
transferred into vaccinia virus by transfecting the plasmid 
into mammalian cells infected with vaccinia virus. 

10 It will be apparent that the HCMV DNA may be modified in 
various ways without significantly affecting the functioning 
of the protein produced* thereby . For example, a transmem- 
brane form of protein may be converted to a secreted form by 
removing the DNA coding for the C-terminal containing the 

15 membrane anchor sequence. Such modifications are to be con- 
sidered within the scope of the present invention. 

Brief Description of the Drawings 

20 Fig.l is a map of the HCMV genome strain AD169 in the proto- 
type orientation showing cleavage sites for the restriction 
enzyme Hindlll, illustrating the position and orientation of 
the genes encoding HCMV gB and HCMV gH. 

25 Fig. 2 is a comparison of the predicted translation products 
of the HCMV gB gene identified in Fig.l (designated CMV) 
with those of glycoprotein B of herpes simplex virus type 1 



(designated HSV) and a possible' Epstein Barr virus glycopro- 
tein (designated EBV). The potential g lycosy lat ion sites 
are underlined, and the hydrophobic putative signal and 
anchor regions are shown boxed. 

5 

Fig. 3 is the DNA sequence of the Xmalll restriction enzyme 
fragment of the Hindlll F fragment of the HCMV genome, 
including the gene coding for HCMV gB, showing the deduced 
amino acid sequence of HCMV gB. For clarity this is shown 
10 in the opposite orientation to which it occurs in the 
prototype orientation of the HCMV genome. 

Fig. 4 illustrates introduction of the sequence of Fig. 3 into 
plasmid pGS62 from which it can be transferred into vaccinia 
15 virus. Thick line indicates HCMV DNA; and thin line indi- 
cates plasmid DNA. Open box indicates vaccinia DNA taken 
from the vaccinia Hindlll J fragment and including the TK 
gene coding sequences into which, a vaccinia promoter P has 
been translocated. 

20 

Fig. 5 shows the DNA sequence of the Smal-Hindlll L fragment 
spanning the coding sequence for HCMV gH.* As with Fig. 3, 
this is shown in the opposite orientation to which it occurs 
in the prototype orientation of the HCMV genome. The 
25 deduced amino acid sequence of HCMVgH is shown above the DNA 
sequence in the one letter amino acid code. The restriction 
enzyme recognition sequences for Smal (CCCGGG) and Hindlll 



(AAGCTT) used in the cloning are underlined, and the poten- 
tial glycosylat ion sites are overlined. The Hindlll site 
delineates the boundary between the Hindlll fragments L and 
D in the genome. The hydrophobic putative signal and anchor 
5 regions are shown boxed. 

The invention will be further illustrated by the following 
Examples . 

10 Examples 

Identification of putative glycoprotein genes 

In order to look for possible glycoprotein genes within the 
15 HCMV genome individual cloned restriction fragments of the 
genome of HCMV strain AD169 were sequenced using the 
Ml3/dideoxynucleotide chain termination method described in 
reference (11) using the strategy and methods described by 
Bankier and Barrell in reference (12). The resulting 

20 compiled sequences were then analysed for possible protein 
coding sequences and RNA polymerase II transcription signals. 
The predicted translation products of likely protein coding 
sequences were then examined for the presence of glycopro- 
tein characteristics, namely an N-terminal hydrophobic 

25 signal peptide, a hydrophobic transmembrane sequence close 
to the Oterminus, and potential N-glycosylat ion sites in 
the external domain. 



Using these criteria two putative glycoprotein genes were 
identified lying between bases 16255 and 18972 of the 
Hindlll F fragment and between bases 228 and 2456 of the 
Hindlll L fragment, respectively, of HCMV DNA. A Hindlll 

5 fragment map of the HCMV genome is shown in' Fig.l. In Fig.l 
the vertical dashed line delineates the long and short 
unique regions of the viral DNA respectively. The capital 
letters refer to the fragments produced by Hindlll cleavage 
- see reference C13). The positions and orientation of the 

10 glycoprotein genes B and H are shown in the Hindlll restric- 
tion fragments F and L , ' respectively . The coding region of 
the glycoprotein B lies between bases 1378 and 4095 from the 
Hindlll F/D boundary on the complementary strand of the DNA 
sequence; while that of the glycoprotein H lies between 

15 bases 228 and 24 56 from the Hindlll L/D boundary on the 
complementary strand of the DNA sequence. 

The HCMV glycoprotein B 

20 The primary translation product of the glycoprotein B gene 
in the indicated open reading frame is a'^906 amino acid 
polypeptide containing 16 potential N-linked glycosylation 
sites. There is a hydrophobic sequence close to the N- 
terminus which may function as a signal sequence, and 

25 stretches of hydrophobic amino acids at its C-terminus which 
may function as anchor sequences. The predicted translation 



product of this gene was compared with glycoprotein genes of 
other human herpes viruses. The search revealed homology 
with glycoprotein B (gB) of herpes simplex, virus (HSV) and 
Epstein Barr virus (EBV) (reference 14); Varicella zoster 
5 (VZV) also possesses a glycoprotein gene with homology. For 
this reason the protein encoded by this reading frame is 
subsequently referred to as HCMV gB. 

A comparison of the predicted translation product HCMV gB 
10 with those of HSV1 and EBV is shown in Fig. 2. The predicted 
HCMV glycoprotein sequence is aligned with those found in 
. EBV and HSVl. The sequences are displayed in the one letter 
amino acid code and have been aligned and padded with dashes 
to produce as far as possible an optimum alignment of homo- 
15 logous amino acids. In regions where there is little homo- 
logy/ e.g. at the ends, the alignment is arbitrary. Regions 
of hydrophobic amino acids at the N-terminus and near the 
C-terminus which are characteristic of glycoproteins are 
boxed and potential N-linked glycosylation sequences (K*T or 
20 N*S, where * is any amino acid) are underlined. 

Fig. 2 shows good alignment of the gB proteins of HSV-1, EBV 
and HCMV and demonstrates that the proteins are homologous 
along a large proportion of their length with the N- and C- 
25 termini showing least conservation. It can be seen that at 
121 positions there is an identically matched amino acid in 
all three proteins. 'Taken as a proportion of EBV gB this 



means that over 14% of the protein is perfectly conserved. 
Furthermore, all 10 cysteine residues present between the 
putative signal and anchor sequences are perfectly aligned, 
suggesting that the extracellular portion of the proteins 

5 may possess a similar overall structure. The extent of the 
homology between the three viral proteins provides convinc- 
ing evidence that the putative HCMV glycoprotein is that of 
glycoprotein B. Further evidence of its glycoprotein charac- 
ter is provided by its characteristic hydrophobic regions 

10 and potential N-glycosylation sites which are shown in Fig. 2. 

.To investigate the nature of the HCMV gB and to raise anti- 
sera against this protein the gene was excised from the 
HindlTI F fragment of the HCMV genome and expressed in 

15 recombinant vaccinia virus. This vector system is suitable 
for the expression of eukaryotic virus glycoprotein genes 
because the proteins are correctly processed and inserted 
into the infected cell membrane.. In addition, the infectious 
recombinant virus may be used to raise monospecific antisera 

20 against the foreign protein in vaccinated animals. 

The coding sequence shown in Fig. 3 was* introduced into 
vaccinia virus as described below. The sequences shown in 
Figs 2 and 3 are displayed in the commonly used form 5 1 to 
25 3 f in the coding sense sequences. This is in the opposite 
orientation to the prototype orientation of the HCMV genome 
shown in Fig.l. The amino acid sequence of the HCMV gB is 
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shown above the DNA sequence using the one letter amino acid 
code . 

Construction of recombinant vaccinia 
5 virus expressing HCMV qB 

1 . Strategy 

Expression of foreign genes in vaccinia virus is dependent 

10 upon the use of vaccinia promoters (for review see reference 
15). This is due to the unique nature of vaccinia promoters 
and the presence of the vaccinia RNA polymerase which does 
not recognise promoters that are transcribed by RNA poly- 
merase II. Several plasmids that are designed to facilitate 

15 expression of foreign genes in vaccinia virus have been con- 
structed (see references 16 to 18). They contain a vaccinia 
promoter and downstream restriction endonuclease sites 
translocated within the body of the thymidine kinase (TK) 
gene. A foreign protein coding sequence may then be posi- 

20 tioned downstream of the vaccinia promoter and inserted into 
the vaccinia genome by homologous recombination _iri vivo (see 
reference 17). Authentic foreign proteins are made provided 
that the junction between vaccinia promoter and foreign 
protein coding sequences is engineered to use the transla- 

25 tion initiation codon of the foreign gene. 

Inspection of the nucleotide sequence of the HCMV gB gene 



and adjacent DNA showed the presence of restriction endonuc- 
lease Xmalll sites 148 nucleotides upstream and 251 nucleo- 
tides downstream of the gB ceding sequences. Additionally, 
there were no potential translation initiation codons 

5 between the upstream Xmalll site and the ATG codon initia- 
ting the gB open reading frame. The strategy was, therefore, 
to excise the oE gene from the HCMV Hindlll F fragment as a 
3.1 kb fragment and clone this fragment into the Smal site 
of plasmid insertion vector pGS62 (a derivative of pGS20 - 

10 see reference 17 - in which an EcoRI site upstream of the 
vaccinia promoter has been deleted). In this way the gB 
gene would be under control of a vaccinia promoter that is 
expressed throughout the vaccinia virus replicative cycle. 
Direct isolation of the desired fragment was difficult due 

15 to the large size of the HCMV Hindlll F fragment and pre- 
sence of other Xmalll sites. 

2 . Experimental 

20 Considering the matter in more detail, the coding sequence 
of Fig. 3 was introduced into vaccinia virus by the following 
series of manipulations which are illustrated in Fig. 4. 

a) The Hindlll F fragment cloned into a truncated pATl53 
25 (see reference 19) was digested with BamHI and after 

separation of the products by electrophoresis the 8.5 kb 
fragment was isolated and self ligated to generate 



13 



plasmid pSBl (also known pSCBl). pSBl contains a 5 kb 
Hindlll/BamHI fragment of the HCMV HindHI F cloned into 
the 3.5 kb Hindlll/BamHI fragment of pATl53. 

5 b) pSBl was digested with BamHI and HindHI and the 5.0 kb 
HCMV fragment was isolated and digested with Xmalll. The 
resulting 3,1 kb Xmalll fragment was isolated, the 5 1 
overhangs repaired with E. coli DNA polymerase I Klenow 
fragment, and the repaired fragment ligated into the 

10 Smal site of plasmid pGS62. pGS62 contains the vaccinia 

virus thymidine kinase (TK) gene interrupted by a vac- 
cinia promoter element. Insertion of a foreign gene at 
the Smal site results in a plasmid in which the foreign 
HCMV gB gene is under the control of the vaccinia 

15 promoter (P) and is flanked by thymidine kinase coding 
sequences . 

The orientation of the gB gene within the resultant plasmid 
pSB2 was determined using a unique EcoRI site present 911 
20 nucleotides from the 3 1 Xmalll site as a convenient marker. 

Recombinant plasmids were identified by increase in size, 
and the orientation of the 3.1 kb insert was determined by 
EcoRI digestion. A plasmid containing the Xmalll fragment 
25 in the correct orientation with respect to the vaccinia 
promoter was identified and designated pSB2 (also known as 
pSCB2). 



CV-1 cells were infected with vaccinia virus and transfected 
with pSB2 using the methods described in reference 17. The 
recombinant virus was TK~ due to the insertional inactiva- 
tion of the vaccinia TK gene and this phenotype provided a 

5 means for easy isolation. TK" viruses were selected from 
the resulting progeny by plating on 143-TK~ cells in the 
presence of 5-bromodeoxyuridine, and such virus clones were 
screened for the presence of HCMV specific DNA inserts by 
hybridisation with pSBl. After virus growth and purification 

10 the genome of the recombinant virus was analysed by restric- 
tion endonuclease digestion and Southern blotting. The 
results confirmed that the HCMV gB gene had been inserted, 
into the vaccinia TK gene within the Hindlll J fragment and 
showed that no other genomic rearrangements had occurred. 

15 The recombinant virus was termed HCMV gB-VAC, 

Expression of HCMV gB by recombinant vaccinia virus 

To test for expression of HCMV gB, polyvalent rabbit serum 
20 raised against purified HCMV was used to immunoprecipitate 
35 S-labelled polypeptides from cells infected with HCMV 
gB-VAC or WT vaccinia. 

CV-1 cells were infected at 30 plaque forming units (pfu)/ 
25 cell with either WT vaccinia or recombinant HCMV gB-VAC. 3 
hours post-infection the cells were washed in methionine- 
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free medium and then incubated in methionine-f ree medium for 
30 mins. The cells were labelled with 100 uCi/ml of 35$- 
methionine in medium containing 10 uM unlabelled methionine. 
After washing in PBS, the cells were lysed in RIPA buffer 

5 (0.05 M Tris HC1 pH 7.2, 0.15 M NaCl, 1% sodium deoxycho- 
late, 0.1% SDS, 1% Triton x -100, 5 ug/ml DNase, 2 mM PMSF) 
for 10 mins, on ice. The lysate was centrifuged at 31,000 
rpm (Beckman SW50.1 rotor) for 60 mins at 4°C and aliquots 
of the resultant supernatant incubated (20 mins, room 

10 temperature) with either non-immune rabbit serum or serum 
from a rabbit hyper immunised with HCMV. Immune complexes 
were precipitated with protein A sepharose (2 hrs room 
temperature), eluted, boiled and electrophor esed on 10% 
polyacrylamide gels. The gel was fixed in methanol/acet ic 

15 acid and impregnated with fluorographic enhancer (Amplify, 
Amersham) and autoradiog raphs prepared. Protein molecular 
weight markers were from HSV-1 infected cells, immunopreci- 
pitated with monoclonal antibodies against the major capsid 
antigen (157 kD ), glycoprotein B (128 kD) and VP16 (66 kD). 

20 

Using immune serum a polypeptide of approximately 145 kD was 
immunoprecipitated from cells infected with HCMV gB-VAC but 
not WT vaccinia infected cells. Other polypeptides wer 
nonspecif ically precipitated as shown by their reactivity 
25 with preimmune rabbit sera. 



Murine monoclonal antibodies raised against HCMV and shown 
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to have neutralising activity in_ vitro were next tested for 
their ability to recognise the HC.MV gB product in HCMV gB- 
VAC infected cells. Plaques formed by HCMV gB-VAC on CV-1 
cell monolayers were fixed with methanol and then incubated 

5 with monoclonal antibody and subsequently with either 125i- 
labelled Staphylococcus protein A (Amersham) or peroxidase- 
conjugated rabbit anti-mouse immunoglobulin (Dako). The 
virus plaques containing antigen recognised by the 
monoclonal antibody were visualised as black dots on 

10 autoradiographs in the case of protein-A binding antibodies 
or as "red plaques" following addition of H2O2 and 
amino-ethyl carbazole to monolayers reacted with 
peroxidas e-con jugated antiglobulin. Of ten monoclonal 
antibodies tested four were shown to recognise plaques 

15 formed by HCMV gB-VAC but not WT vaccinia. It was 
noteworthy that all the plaques formed by the HCMV gB-VAC 
bound the monoclonal antibody indicating the virus was a 
pure stock not contaminated with WT vaccinia. Similar 
conclusions were reached from plaquing with virus on TK~ 143 

20 cells in the presence and absence of bromodeoxyur id ine , and 

./ 

by the analyses of genomic DNA by Southern blotting. 

• Uf ' ' K 

/ \ 

Cell lysates from WT vaccinia, recombinant HCMV gB-VAC or 
uninfected CV-1 cells were prepared and immunoprec ipi tated 
25 with monoclonal antibodies 37, 39 or 59 as described above. 



Three monoclonal antibodies that were able to bind Protein A 
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also immunoprecipitated 3 5 S -me th ion in e- label led infected 
cell extracts. Consistent with the immuno-staining data, the 
monoclonal antibodies 37 and 39 immunoprecipitated proteins 
from cells infected with HCMV gB-VAC but not WT vaccinia or 

5 uninfected cells. Monoclonal antibody 59 did not recognise 
HCMV gB although this antibody could neutralise HCMV infec- 
tivity. The target protein of this antibody is unknown. In 
addition to the 145 kD protein a smaller protein of approxi- 
mately 55 kD was also detected with both monoclonal anti- 

10 bodies. This suggests that the epitope(s) recognised by 
both monoclonal antibodies are present on both the 55 kD and 
145 kD proteins, or that these proteins are physically 
associated and consequently coprecipitate . 

15 To make a direct comparison of the gB synthesised in HCMV- 
infected cells with gB from HCMV gB-VAC infected cells, 
MRC-5 cells were infected at 5 pfu/cell with HCMV strain 
AD169 or mock-inf ected . Cells were labelled with 35 s- 
methionine (28 uCi/ml) from 72-98 hrs post-infection and 

20 lysates prepared and immunoprecipitated with either mono- 
clonal antibody 39 or 47 as described above. CV-1 cells 
infected with WT vaccinia, recombinant gB-VAC or uninfected 
were r ad iolabel led , lysed and immunoprecipitated with mono- 
clonal antibody 39 as described above. 

25 

The 145 kb species synthesised in both systems clearly 
comigrated and the mature 55 kD species did also, although 
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nonspecific precipitation of a 'similar sized vaccinia band 
made this less clear. In addition to these two species, an 
additional 66 kD band was also visible in HCMV infected cell 
lysates. This is thought to be unrelated to gB since another 
5 monoclonal antibody (47) that did not bind protein A brought 
down this band nonspecif ically . Its size suggested it may 
be the abundant 66 kD HCMV matrix protein. 
♦ ■ 

Human immune serum recognises HCMV gB 

10 

To investigate whether antibodies directed against HCMV gB 
are produced during a primary HCMV infection in man, sera 
taken from a cardiac transplant patient before and after- 
primary HCMV infection were tested for the ability to 
15 recognise HCMV gB synthesised by recombinant vaccinia virus. 

CV-1 cells, infected with either H3-VAC or HCMV gB-VAC were 
labelled with 3 5 S-methionine cell lysates prepared as 
described above. Lysates were then treated sequentially 
20 with either rabbit pre-immune followed by rabbit anti-HCMV, 
or human sera taken before HCMV infection followed by sera 
after HCMV infection. Immune complexes were precipitated 
with protein A sepharose and separated on polyacry lamide 
gels as described above. 

25 

Rabbit serum raised against HCMV was used as a positive 
control. Since it was likely that the human sera also con- 
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tained antibodies to vaccinia virus, owing to previous 
smallpox vaccination, the immune precipitations were carried 
out sequentially using sera taken before and then after HCMV 
infection on the same cell lysate. These data show that 145 

5 kD polypeptide was immunoprecipitated from gB-VAC-inf ected 
cell lysates by human sera taken after but not before HCMV 
infection. The 145 kD protein was also precipitated by the 
rabbit anti-HCMV sera. As a further control the same human 
sera were tested for ability to recognise the influenza 

10 virus haemagglut inin (HA) from influenza virus A/NT/60/68 
expressed by another recombinant vaccinia virus H3-VAC. The 
influenza HA was immunoprecipitated by human sera taken 
before HCMV infection and to a lesser extent sera taken, 
after HCMV infection. These data demonstrate that the 

15 cardiac transplant patient had experienced a previous 
influenza A virus infection of the H3 subtype. Moreover, 
the precipitation of influenza HA by sera taken prior to 
HCMV infection, while HCMV gB was only precipitated by sera 
taken after HCMV infection, confirm the specificity of the 

20 precipitation of the HCMV protein. It is also significant 
that the development of antibodies against HCMV occurred 
despite immunosuppression during cardiac transplantation to 
prevent tissue rejection. The human immune serum was also 
able to neutralise HCMV infectivity in vitro . Several other 

25 sera taken from cardiac transplant patients who experienced 
HCMV infections during immunosuppression also yielded 
similar precipitation -of HCMV gB. 
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HCMV qB is expressed on the infected cell surface 

To examine whether the HCMV cB synthesised in cells infected 
with recombinant vaccinia virus is transported to the cell 
5 surface immunofluorescence studies were performed. 

CV-1 cells were grown on glass coverslips and infected with 
either WT vaccinia virus or HCMV-gE-VAC at 10 pfu/cell. 48 
hrs post-infection cells were fixed with an isotonic solu- 

10 tion of 2% paraformaldehyde. Following incubation in PBS 
containing 4% bovine serum albumin (BSA) monolayers were 
reacted with 1/400 dilution of monoclonal antibody 37 anti-. 
body containing ascitic fluid overnight at 4°C. After exten- 
sive washing bound antibody was detected with fluorescein 

^5 conjugated rabbit anti-mouse immunoglobulin (Dako) diluted 
1/20 in PBS containing 4% BSA and 2% normal rabbit serum. 
Fluorescence was observed with u.v. illumination at x400. 

The HCMV gB-VAC infected cells showed positive surface 
20 fluorescence while WT infected cells showed only background" 
reactivity. The pattern of staining on the infected cell 
membrane was unusual showing a granular appearance, sugges- 
ting clustering or aggregation of HCMV gB in the cell 
membrane. 

25 

Vaccination of rabbits with HCMV gB-VAC 
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To determine if anti-serum raised against HCMV gB expressed 
by recombinant vaccinia virus could neutralise HCMV infecti- 
vity, two rabbits were vaccinated with the live recombinant 
virus , as indicated in Table 1. 

5 

TABLE 1. Neutralisation of HCMV by rabbit sera 
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Day 
post 

vaccination 


HCMV plaque 


reduction (%) 




Rabbit 1 




Rabbit 2 




1/10 


1/50 


1/10 


1/50 


0 


0 


0 


0 


0 


46 


54 


30 


40 


16 


59 


69 


60 


57 


76 


76 


70 


61 


48 


30 


116 


67 


68 


55 


25 


151 


97 


87 


77 


77 



The two rabbits were vaccinated in tr adermally with 10 8 pfu 
of purified infectious HCMV gB-VAC into one site on each 

20 flank. On day 46 both animals were revaccinated with the 
same dose of live recombinant virus. A third rabbit received 
a TK" recombinant vaccinia virus expressing the influenza 
virus nucleoprotein gene and was also revaccinated. Serum 
samples obtained from rabbits on the days indicated in Table 

25 1 were tested for their ability to neutralise HCMV infecti- 
vity iji vitro . Seru-m samples Were incubated at 56°C for 30 



mins to inactivate complement and then one volume of serum 
dilution (1:10 or 1:50) was mixed with an equal volume of 
HCMV strain AD169 (750 pfu) and incubated at 37°C for 30 
mins. Fresh rabbit serum was added to a final concentration 

5 of 5% as a source of complement and the mixture incubated 
for a further 30 mins at 30°C before the residual virus was 
assayed on MRC-5 cells. Plaques were counted 10 days later 
and the results in Table 1 are expressed as a percentage 
reduction in plaque numbers. Serum from both rabbits 1 and 

10 2 contained antibodies that neutralised HCMV infectivity in 
the presence of exogenous complement. A third rabbit inocu- 
lated with a different TK~ recombinant vaccinia virus did 
not possess such antibodies. 

15 The two animals vaccinated with HCMV gB-VAC thus developed 
antibodies that neutralised HCMV i_n vitro while the third 
rabbit that was immunised with another TK~ recombinant 
vaccinia virus expressing the influenza virus nucleoprotein 
did not. The neutralisation of HCMV infectivity by these 

20 rabbit sera was dependent upon complement since heat inacti- 
vated sera failed to reduce HCMV plaque numbers without 
addition of exogenous complement. Additional experiments 
examining the level of antibodies before and before second- 
ary vaccination indicated that both animals had increased 

25 antibody titres following revaccination . Rabbit 1 maintained 
its antibody level up to day 116 and at this time reduced 
HCMV plaque formation by 70% at a 1:50 dilution. The level 
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of antibodies in rabbit 2 decreased with time, but still 
reduced HCMV plaque formation by 24% at a 1:50 dilution on 
day 116. 

5 Conclusion s 

The putative coding sequence codes for an authentic HCMV 
protein that has been expressed in vaccinia. The protein 
expressed in vaccinia is electrophoretically identical to a 
10 protein seen in HCMV infected cells. The protein has the 
following properties. It is a target for neutralising anti- 
body (because it is recognised by a neutralising antibody). 
It is present on the surface of cells infected with HCMV. 
gB-VAC, and it is present in the HCMV particle. 

15 

The primary product has an apparent molecular weight of 
145,000 and is processed to a product of molecular weight 
55, 000 . It is able to induce production of antibodies that 
neutralise HCMV infectivity when delivered to the rabbit 
20 immune system via expression in recombinant virus infected 
cells . 

Although the above example used HCMV strain AD169, it will 
be appreciated that other strains are functionally equiva- 
25 lent and could also be used. 

The HCMV glycoprotein H 



A comparison of the deduced amino acid sequence of this gene 
as shown in Fig. 5 with that of EBV and HSV-1 genes showed 
homology with glycoprotein H of these viruses. Consequently 
this HCMV gene is subsequently referred to as HCMV gH. 

5 

Construction of recombinant vaccinia virus 
expressing HCMV qH 

The HCMV gH gene was cloned into plasmid vectors pGS62 as 
10 follows. The 11400 base pair Hindlll L fragment was excised 
from plasmid pAT153/HindIII L by digestion with Hindlll and 
the termini made blunt-ended by treatment with E. coli DNA 
polymerase Klenow fragment. The DNA was then digested with 
Smal which cuts 96 nucleotides upstream of the trans lational 
15 initiation site of the CMV gH gene, as shown in Fig. 5. A 
2.5 kb DNA fragment containing the HCMV gH coding sequence 
was isolated and ligated into plasmid pGS62 at the unique 
Smal site. A resultant plasmid pSB3 was shown to contain the 
HCMV gH gene correctly positioned downstream of a vaccinia 
20 promoter. The foregoing procedure was essentially similar 
to that used for the HCMV gB gene. 

The HCMV gH gene was also inserted into plasmid pSCll 
(reference 16) at the unique Smal site downstream of the 
25 same vaccinia promoter. This plasmid was called pSB4. 
Plasmid SCll contains a second vaccinia promoter driving 
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expression of 8-galactosidase gene. Consequently, recombin- 
ant viruses which pick up the HCMV gH gene simultaneously 
also acquire the 6-galactosidase gene. This permits rapid 
identification of plaques formed by these recombinant 
5 viruses by virtue of their blue colour in the presence of 
X-gal. 

Plasmid pSB3 and pSB4 were used to construct TK~ recombinant 
vaccinia viruses containing the HCMV gH gene. The viruses 

10 were called HCMV gH-VAC (GS62) and HCMV gH-VAC (SC11), 
respectively. These viruses were plaque purified and then 
larger stocks grown and purified using established methods 
(reference 17). Analyses of the genomic DNA of viruses- 
showed that as predicted the HCMV gH gene was inserted into 

15 the TK gene with the vaccinia Hindlll J fragment. 

Expression of the HCMV gH gene 

The product of the HCMV gH gene was identified by HCMV 
20 gH-VAC infected cells as follows: 

(1) Monolayers of CV-1 cells were infected with either WT 
vaccinia (WT) or recombinant vaccinia viruses CMV gH-VAC 
(GS62) or CMV gH-VAC (SC11). Infected cells were radio- 
25 labelled with 3 ^-methionine from 3 to 6 hours post 

infection and lysates prepared from the infected cells 6 
hours post infection. These lysates were immunoprecipi- 



tated with either a nonspecific rabbit sera, rabbit sera 
raised against purified HCMV virions or anti-HCMV mono- 
clonal antibody 16 (KCMV 16). A polypeptide of approxi- 
mately 86 kD was immunopr ec i pi tated from gH-VAC (SC11) 

5 and gH-VAC (GS62) infected cells using rabbit anti-HCMV 

serum. This polypeptide was not precipitated from WT 
vaccinia infected cells. A rabbit serum raised against 
a synthetic peptide from HSV glycoprotein D failed .to 
precipitate this band. However, a polypeptide of similar 

10 size was precipitated from HCMV infected MRC-5 cells 
using the rabbit anti-HCMV serum. 

(2) Anti-HCMV monoclonal 16 also immunoprecipi tated a band, 
of 86 kD from gH-VAC but not WT infected cells. As a 

15 control, monoclonal HCMV 37 which recognises HCMV gB did 
not precipitate the 86 kD protein. 

(3) The cellular location of HCMV gH synthesised in HCMV 
gH-VAC infected cells was investigated by immunof luores- 

20 cence. This showed that the gH polypeptide was trans- 
ported to the nuclear membrane, and was also detectable* 

■ / ; 
in the cytoplasm diffusely. There was no fluorescence on 

HCMV gH-VAC infected cells unless the cells were first 

permeabilised. 

25 

Monoclonal HCMV 16 neutralises HCMV infectivity 



To investigate if HCMV gH is a target for antibody mediated 
neutralisation of virus infectivity, HCMV was incubated with 
monoclonal HCMV 16 and residual infectivity assayed on MRC-5 
cells. Even at a dilution of 1: 4000 monoclonal HCMV 16 
5 reduced HCMV infectivity in vitro by greater than 50%. This 
neutralisation was not dependent upon exogenous complement. 
Clearly the product of the HCMV gH gene is a target for 
virus neutralisation and hence has potential in future HCMV 
vaccines . 

10 

Conclusions 

The DNA sequence of a HCMV glycoprotein gene that maps, 
within the HindHI L fragment of HCMV was determined and 

15expressed in recombinant vaccinia virus. The gene product 
was identified as an 86 kD polypeptide that is transported 
to the nuclear membrane in recombinant vaccinia infected 
cells. In HCMV infected cells it is also in the cell surface 
membrane. A monoclonal antibody which recognises this 

20 protein efficiently neutralises the infectivity of HCMV in 
vitro . This demonstrates the potential role of this 86 kD 
glycoprotein in HCMV vaccines. 

While the foregoing description has concentrated, by way of 
25 example, on the production of the HCMV proteins in cells 
infected with recombinant vaccinia virus, and the potential 
of said virus to act- as a vaccine in causing the host to 
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raise protective antibodies; it will be apparent that the 
present invention is exploitable in a variety of different 
ways using technology readily within the capability of those 
of ordinary skill in the an. These are exemplified as 
5 follows. 

(i) On the basis of the DNA and amino acid sequences 
given in Figs. 3 and 6, DNA encoding HCMV gB and gH 
proteins can be obtained by methods well known to 

10 those skilled in the art. For example, DNA encoding 

the desired amino acid sequence can be synthesised. 
Alternatively, the DNA can be obtained from the viral 
genome by restriction followed by hybridisation with, 
labelled oligonucleotide probes to identify the 

15 seguence of interest. Also, cDNA could be obtained 

by reverse transcription from viral mRNA, followed by 
screening with oligonucleotide hybridisation probes. 

(ii) The HCMV proteins can be expressed in microorganisms 
20 or cell cultures transformed with recombinant DNA 

vectors. Suitable vectors and expression systems are* 
widely known and used for expressing protein in for 
example bacteria such as Escherichia coli, yeasts 
such as Saccharomyces cerevisiae, and mammalian cell 
25 cultures such as COS or CHO cells. In the case of 

microbial expression (e.g. bacteria and yeasts), the 
HCMV protein DNA will normally be manipulated so as 
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to delete the 5' flanking region before insertion 
into the expression vector, the coding region being 
translated from a start codon which is either the ATG 
of HCMV protein gene or one which is artificially 

5 introduced in reading frame with the coding sequence. 

The latter possibility will be used particularly if 
it is desired to delete a 5' region of the coding 
sequence, such as the hydrophobic signal region. The 
hydrophobic 3' anchor region may also be omitted, if 

10 desired, since it is unlikely that it contains a 

critical antigenic determinant. The recombinant 
vector may contain "more than one HCMV protein coding 
sequence, e.g. tandem repeats of a coding sequence of 
gB or gH, or coding sequences of both gB and gH in 

15 tandem. In order to reduce the size of the expression 

vector, a part only of each glycoprotein coding 
sequence may be incorporated, so long as it correctly 
encodes the desired antigenic determinant. 

20 (iii) The HCMV proteins, or portions thereof containing the 
desired antigenic determinant, can also be synthe- 
sised by chemical means, using known methods of 
protein synthesis . 

25 (iv) The HCMV protein, however produced, can be used to 
produce HCMV-spec i f ic antibody, for example as a 
monospecific serum by immunising a suitable animal 
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with the HCMV protein, allowing the animal to raise 
antibodies to the protein, and then extracting the 
antiserum from the animal. 

5 (v) The HCMV protein can be used in particular to produce 
HCMV-specif ic monoclonal ant ibodies , ' by the standard 
technique of immunisation of an animal, usually a 
mouse, with the protein, followed by fusion of spleen 
cells from the animal with tumour cells to form 

10 antibody-producing hybridomas which can be separated 

and cloned. From these clones can be harvested the 
monoclonal antibodies. Normally a panel of antibodies 
will be produced, since each HCMV protein will be 
expected to raise more than one antibody. 

15 

(vi) The HCMV protein can also be used to purify HCMV- 
specific antibodies, e.g. by contacting the anti- 
bodies with the protein, immobilised on a suitable 
support, such as an affinity column; and then separa- 

20 ting the bound antibodies from the protein such as by 

elution. 

J 

(vii) The HCMV protein can also be used in assays for HCMV 
antibody. A variety of conventional assay procedures 

25 can be used, based for example on ELISA, RIA or 

immunofluorescence. Typically, the HCMV protein 
could be immobilised on a support, then contacted 
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with the clinical sample from a human subject. After 
washing, the support is contacted with labelled anti- 
human IgG which binds to any HCMV antibody which has 
been found by the immobilised HCMV protein. 

5 

(viii) The HCMV protein can also be used as a vaccine, by 
compounding it with a suitable adjuvant or excipient 
of the kind conventionally employed in vaccine formu- 
lations. This form of vaccine might be more appro- 
10 priate than the recombinant vaccine for example in 

immunosuppressed individuals - 
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